We consider the scenario, in which the light Higgs scalar boson appears as the Pseudo -Goldstone boson. We discuss examples both in condensed matter and in relativistic field theory. In 3 He-B the symmetry breaking gives rise to 4 Nambu-Goldstone modes and 14 Higgs modes. At lower energy one of the four NG modes becomes the Higgs boson with small mass. This is the mode measured in experiments with the longitudinal NMR, and the Higgs mass corresponds to the Leggett frequency MH = ΩL. The formation of the Higgs mass is the result of the violation of the hidden spin-orbit symmetry at low energy. In this scenario the symmetry breaking energy scale ∆ (the gap in the fermionic spectrum) and the Higgs mass scale MH are highly separated: MH ≪ ∆. On the particle physics side we consider the model inspired by the models of [1, 2] . At high energies the SU (3) symmetry is assumed that relates the left -handed top and bottom quarks to the additional fermion χL. This symmetry is softly broken at low energies. As a result the only CP -even Goldstone boson acquires a mass and may be considered as the candidate for the role of the 125 GeV scalar boson. We consider the condensation pattern different from the one typical for the top -seesaw models, where the condensate t LχR is off -diagonal. In our case the condensates are mostly diagonal. Unlike [1, 2] the explicit mass terms are absent and the soft breaking of SU (3) symmetry is given solely by the four -fermion terms. This reveals the complete analogy with 3 He, where there is no explicit mass term and the spin -orbit interaction has the form of the fourfermion interaction.
I. INTRODUCTION
Spontaneous symmetry breaking gives rise to collective modes of the order parameter field -the Higgs field. The oscillations of the Higgs field include the Nambu-Goldstone (NG) modes -the gapless phase modes which in gauge theories become massive gauge bosons due to the Anderson-Higgs mechanism; and the gapped amplitude modesthe Higgs bosons. The Higgs amplitude modes have been recently observed in electrically charged condensed matter system, the s-wave superconductor [3, 4] , while they have been for a long time theoretically [5] [6] [7] [8] and experimentally [9] [10] [11] investigated in electrically neutral superfluid phases of 3 He. In superfluid phases of 3 He the Higgs field contains 18 real components. This provides the arena for simulation of many phenomena in particle physics, including the physics of the NG and Higgs bosons. In particular, superfluid 3 He-A violates the conventional counting rule for the number of NG modes. In 3 He-A the number of NG modes exceeds the number of broken symmetry generators, but it obeys the more general Novikov rule [12] , according to which the number of NG modes coincides with the dimension of the "tangent space" in the space of the order parameter, see the review paper [14] and references therein.
Another example of the influence of superfluid 3 He is the connection between the fermionic and bosonic masses in the theories with composite Higgs, which has been first formulated by Nambu after consideration of the 3 He-B collective modes [25] . If the Nambu sum rule is applicable to Standard Model, one may predict the masses of extra Higgs bosons [14, 15] .
Here we discuss one more phenomenon -the appearance of the light Higgs bosons as the pseudo NG modes. The origin of this phenomenon in 3 He is the hierarchy of energy scales, which exists in superfluid 3 He. In particular, the spin-orbit interaction is several orders of magnitude smaller than the characteristic energy scale responsible for the formation of vacuum Higgs field [16] . When this interaction is neglected, the symmetry group of the physical laws is enhanced, and the broken symmetry scheme in 3 He-B gives rise to 4 NG modes and 14 Higgs amplitude modes. The spin-orbit interaction reduces the symmetry and transforms one of the NG modes to the Higgs mode with small mass. The mechanism of the formation of the mass of the Higgs boson #15 in 3 He-B is analogous to the little Higgs results we should start from the action of the model with the additional counter -terms that cancel dangerous quadratic divergences in the next to leading orders of 1/N c expansion. Then the one -loop results give reasonable estimates to the physical quantities. Such a redefined NJL model is equivalent to the original NJL model defined in zeta or dimensional regularization. The four fermion coupling constants of the two regularizations are related by the finite renormalization (see [41] , Appendix, Sect. 4.2.). The NJL models in zeta regularization were considered, in [41, 42] . The NJL model in dimensional regularization was considered, for example, in [43] . It is generally assumed that there is the exchange by massive gauge bosons behind the NJL models of top quark condensation, top seesaw, and ETC. The appearance of the one -loop gap equation of NJL model may follow from the direct investigation of the theory with massive gauge fields interacting with fermions. Indeed, recently the indications were found that in the theory with exchange by massive gauge bosons the NJL approximation may be applied understood through its one -loop expressions [44] . Anyway, we assume that the model with the four -fermion interactions considered here should be explored in this way, i.e. the higher orders in 1/N C contributions are simply disregarded. We suppose, that such an effective model appears as an approximation to a certain unknown renormalizable microscopic theory. For the further discussion of this issue see [14, 15, 42] and references therein.
The paper is organized as follows. In Section II we discuss the appearance of the pseudo -Goldstone boson in 3 He due to the spin -orbit interaction. In Section III we consider the model, in which the Pseudo -Goldstone boson composed of top quark and the heavy fermion χ plays the role of the 125 GeV Higgs boson. In Section IV we end with the conclusions.
II. SUPERFLUID
3 HE
A. "Hydrodynamic action" in 3 He (neglected spin-orbit interaction).
According to [22] Helium -3 may be described by the effective theory with the action
where
Here a ± (p) is the fermion variable in momentum space, v F is Fermi velocity, k F is Fermi momentum, g is the effective coupling constant. Since the spin-orbit coupling in liquid 3 He (the dipole-dipole interaction) is relatively small, the spin and orbital rotation groups, SO S 3 and SO L 3 , can be considered independently, and one has
Let us call this G the high-energy symmetry. Eq. (1) is invariant under the action of this group. Next [22] we proceed with the bosonization. The unity is substituted into the functional integral that is represented as
where A i,α , (i, α = 1, 2, 3) are bosonic variables. These variables may be considered as the field of the Cooper pairs, which serves as the analog of the Higgs field in relativistic theories. Shift of the integrand in DĀDA removes the 4 -fermion term. Therefore, the fermionic integral can be calculated. As a result we arrive at the "hydrodynamic" action for the Higgs field A:
The relevant symmetry group G of the physical laws, which is broken in superfluid phases of 3 He, contains the group U (1), which is responsible for conservation of the particle number, and the group of rotations SO J 3 . This symmetry is spontaneously broken in superfluid phases of 3 He. The order parameter -the high-energy Higgs fieldbelongs to the representation S = 1 and L = 1 of the SO S 3 and SO L 3 groups and is represented by 3 × 3 complex matrix A iα with 18 real components.
B. Vacuum of 3 He-B
In superfluid 3 He-B, the U (1) symmetry and the relative spin-orbit symmetry are broken, and the vacuum states are determined by the phase Φ and by the rotation (orthogonal) matrix R iα :
Here ∆ is the gap in the spectrum of fermionic quasiparticles. The symmetry H of the vacuum state is the diagonal SO 3 subgroup of G: the vacuum state is invariant under combined rotations. Space R of the degenerate vacuum states in 3 He-B includes the circumference U (1) of the phase Φ and the SO 3 space of the relative rotations:
The number of the Nambu-Goldstone modes in this symmetry breaking scenario is 7 − 3 = 4, while the other 14 collective modes of the order parameter A αi are Higgs bosons. These 18 bosons satisfy the Nambu sum rule, which relates the masses of bosonic and fermionic excitations [25] . The possible extension of this rule to the Standard Model Higgs bosons is discussed in Ref. [14, 15] .
In the B -phase of 3 He the condensate is formed in the state with J = 0, where J = L + S is the total angular momentum of Cooper pair [16] . In the absence of spin -orbit interactions matrix R iα may be absorbed within Eqs. (5), (6) by the rotation of vector k i . At the same time the phase Φ may be absorbed by the transformation
, e 2iΦ ) that does not change the value of the determinant in Eq. (5). As a result the vacuum is invariant under the combined spin and orbit rotations. So, we consider the state
as the symmetric low-energy vacuum. Parameter ∆ satisfies gap equation
∆ is the constituent mass of the fermion excitation. We denote the fluctuations around the condensate by
iα . Tensor δA iα realizes the reducible representation of the SO J (3) symmetry group of the vacuum (acting on both spin and orbital indices). The mentioned modes are classified by the total angular momentum quantum number J = 0, 1, 2.
C. Collective modes in
3 He-B
According to [23, 24] the quadratic part of the effective action for the fluctuations around the condensate has the form:
where δA iα (p) = u piα + iv piα , while Π is polarization operator. At each value of J = 0, 1, 2 the modes u and v are orthogonal to each other and correspond to different values of the bosonic energy gaps. The spectrum of the quasiparticles is obtained at the zeros of expressions for 
This proves the Nambu sum rule for 3 He-B [14, 15, 25] :
Explicit calculation gives η J=0 = η J=1 = 1, and η J=2 = 1 5 . The 18 collective modes (9 real and 9 imaginary deviations δA αi of the high-energy order parameter from the vacuum state Eq. (9)), decompose under the SO J 3 group as
Here + and − correspond to real and imaginary perturbations δA αi . The bosons in the first two representations are NG bosons in the absence of spin-orbit coupling: the first one is the sound mode, which appears due to broken U (1) symmetry; and the second set represents three spin wave modes. 
D. Taking into account the spin-orbit interactions
The spin-orbit interaction reduces the degeneracy of the vacuum space and transforms one of the NG modes to the massive Higgs boson. Under the spin-orbit interaction the high-energy symmetry group G is reduced to the low-energy symmetry group
where SO J 3 is the group of combined rotations in spin and orbital spaces. The spin -orbit interaction gives the following contribution to the effective low energy action [16] :
where g D is the new coupling constant. Matrix R i,α still can be absorbed by the rotation of k i in Eq. (6) . However, the complete effective action depends on it due to the contribution of Eq. (16) . As a result instead of Eq. (9) we keep
where orthogonal matrix R iα may be represented in terms of the angle θ and the axisn of rotation:
Here θ changes from 0 to π; the points (n, θ = π) and (−n, θ = π) are equivalent. Being substituted to Eq. (16) the condensate of the form of Eq. (17) gives
Minimum of this expression is achieved, when θ = θ 0 ≈ 104 • (the so -called Leggett angle). In principle, Eq. (16) affects the gap equation. The functional form of the condensate is given by Eq. (10) . However, the constant g entering this equation receives small ∆ -dependent contribution. We neglect this sontribution in the following. The most valuable effect of the spin -orbit interaction is the appearance of the explicit mass term for the collective mode given by the fluctuations of θ around its vacuum value given by the Leggett angle θ 0 .
It is worth mentioning that the interaction term of the form of Eq. (16) is equivalent to a certain modification of the original four -fermion interaction of Eq. (1). The modified four -fermion interaction is obtained as a result of Gaussian integration over A iα in the functional integral.
E. Higgs #15 from spin-orbit interaction
Let us consider the collective mode δθ = θ − θ 0 . It originates from the modes with J = 1 + and forms the lowenergy Higgs field -the light Higgs. The J = 1 + collective mode is the 3-vector field, whose components can be obtained from the orthogonal matrix R αi , when it is represented in terms of the angle θ and the axisn of rotation. The directions of unit vectorn correspond to the two massless Goldstone modes. The field δθ represents gapped collective mode.
The mass term for this collective mode is given completely by the form of Eq. (16) because the dynamical contribution coming from the integration over fermions vanishes. However, the kinetic term comes from the integration over fermions. We represent the effect of the fluctuation δθ on the condensate function as follows
Within the functional determinant we absorb R iα (n, θ 0 ) by the rotation of k i . The remaining part gives actual form of δA i,α :
The kinetic term for δθ has the form
with
and
Constant Z θ enters the expression for the effective action of θ(ω, 0):
This gives the following expression for the energy gap of the light Higgs:
Here Ω L is the Leggett frequency -the frequency of the longitudinal NMR [16] . In the language of quantum field theory Z 2 θ is the wave function renormalization constant for the field θ. It depends logarithmically on the width of the region of momenta around the Fermi surface. This is the region over which we should integrate in Eq. (22) . Using manipulations with the derivatives of the partition function we are able to relate Z θ with spin susceptibility χ B = d dB σ , where σ is the spin density in the presence of magnetic field B:
Here γ is the gyromagnetic ratio for the 3 He atom. This allows to rewrite the θ dependent part of Eq. (19) for the spin -orbit interaction as
where n 0 = 5/8, which corresponds to the Leggett angle cos θ 0 = − 1 4 measured in NMR experiments. Here we represent the field of the J = 1 + collective modes (see Eqs. (2.2) and (2.3) in [19] ) as
The spin-orbit interaction fixes the magnitude of the light Higgs, |n| = n 0 , in the equilibrium, but leaves the degeneracy corresponding to the other two components of the J = 1 + collective mode given by the direction of n. This corresponds to the symmetry breaking scheme SO The mass of the light Higgs boson is determined by the parameters in Eq. (28) . The Leggett frequency Ω L determines the mass of the amplitude Higgs mode -the θ-boson with the dispersion low
Here c is the relevant speed of spin waves, which in general depends on the direction of propagation [16] . In
e. the light Higgs acquires the mass, which is much lower than the energy scale ∆, at which the symmetry breaking occurs and which characterizes the energies of the heavy Higgs bosons. Note that in 3 He-B, the low-energy physics has all the signatures of the Higgs scenario. The low-energy vector Higgs field n has both the massive amplitude mode and two massless NG bosons.
The given scenario in 3 He-B does not say anything on the NG mode, which comes from the breaking of U (1) symmetry. The latter is determined by the high-energy physics and is not influenced by spin-orbit coupling. When the spin-orbit coupling is taken into account, the symmetry breaking scheme gives
This results in the 2 + 1 NG bosons instead of 3 + 1 NG bosons in the absence of spin-orbit coupling. The U (1) degree of freedom does not appear if instead of superfluid 3 He-B one considers a non-superfluid antiferromagnetic liquid crystal. Here the transition occurs without breaking of U (1) symmetry, and U (1) drops out of Eqs. (15) and (8) . Such transition is fully determined by the real-valued order parameter matrix A αi . If the relative spin-orbit symmetry is broken in the same manner as in 3 He-B, one obtains in the absence of spin-orbit coupling 1 + 5 heavy Higgs bosons with J = 0 and J = 2; and 3 NG bosons with J = 1. The spin-orbit coupling then transforms one of the NG bosons to the light Higgs. 3 
F. Polar phase of superfluid

He
Polar phase of superfluid 3 He has been recently observed in strongly anisotropic alumina aerogel [18, 20] . Here we neglect the anisotropy of aerogel. Inclusion of this anisotropy is straightforward, and does not influence the mechanism of the light Higgs mass generation.
Neglected spin-orbit interaction
In polar phase, the U (1) symmetry is broken, and each of the two SO 3 groups is broken to its SO 2 subgroup:
The order parameter matrix A αi in the polar phase vacuum has the form:
whered andm are unit vectors. Space R of the degenerate states in the polar phase includes the circumference U (1) of the phase Φ and the two S 2 spheres:
The high-energy polar phase has 1 + 2 + 2 = 5 NG modes and 18 − 5 = 13 heavy Higgs modes. The anisotropy of aerogel fixes the orbital vectorm and thus removes 2 NG modes.
Higgs #14 from spin-orbit interaction
When the spin-orbit interaction is taken into account, the symmetry breaking scheme becomes
The spin-orbit interaction reduces the degeneracy of the vacuum space, R so < R, leaving only 1 + 3 = 4 NG modes (two of which are removed by strong orbital anisotropy of aerogel). Spin-orbit interaction transforms one of the NG modes to the massive Higgs boson -the light Higgs. Let us start with vacuum state withd =m =ẑ. This vacuum state has quantum numbers S z = L z = 0, and thus J z = 0, which corresponds to symmetry SO J 2 of the vacuum state. This symmetry is broken by light Higgs. The light Higgs can be introduced as the real vector field n ⊥ẑ, which describes the deviationd −m:
The spin-orbit interaction in the polar phase is
where n 0 = 1/2. The spin-orbit interaction fixes the magnitude of the Higgs field |n| in the equilibrium, but leaves the degeneracy with respect to the orientation of the Higgs fieldn in the plane perpendicular to z-axis. This leads to one NG boson -spin wave with spectrum E = cp, and the light Higgs with spectrum
III. A MODEL WITH THE PSEUDO -GOLDSTONE BOSON COMPOSED OF THE TOP QUARK
A. Dynamical symmetry breaking and dynamical masses of quarks
Lagrangian
Let us consider the model inspired by the top seesaw model suggested by Cheng, Dobrescu and Gu in [1] . This model contains (in addition to the SM fermions) the fermion χ. The action contains the four -fermion interaction terms, that being written through the auxiliary 3 -component field Φ have the form:
For the convenience of the further consideration we have changed the order of t ′ and b ′ compared to [1] . Also for the convenience we denote Φ = (0, Φ t , Φ χ ) and
while Ω is the corresponding 3 × 3 matrix. Notice, that the three components of ψ are equal to the fields of b, t, and χ only in the basis, in which the mass matrix is diagonal (see below). Therefore, in Eq. (40) written in arbitrary basis we do not identify b ′ , t ′ and χ ′ with the actual fields of b -quark, top -quark and the heavy quark χ. The global symmetry of the given lagrangian is
rotations of ψ L , while the U (1) parts of the global symmetry of our lagrangian correspond to the transformations ψ L → e iα ψ L , ψ t,R → e iβ ψ t,R , and Φ t → e i(α−β) Φ t (and the similar transformation for χ). The quantum numbers of χ L and χ R including the hypercharge are equal to the quantum numbers of t R . Therefore, the gauge interactions of the SM break the SU (3) L symmetry -the effect, which we neglect here.
Using orthogonal rotation of t R and χ R we can always bring Ω to the diagonal form with 1/ξ tχ = 0. We denote in this representation
In [1] the explicit mass term in lagrangian that breaks the SU (3) symmetry down to SU (2) was added:
In addition, in [1] the other contributions to the lagrangian were considered that do not originate from the fourfermion interactions. A similar construction has been considered in [2] , where the original SU (3) symmetry is broken both by the additional four -fermion terms and the mass term of the form of Eq. (42). In our model we restrict ourselves with the four -fermion interaction terms and do not consider the explicit mass term. We introduce the following modification of the four -fermion interaction that reveals an analogy with the spin -orbit interaction of 3 He considered in the previous section (see Eq. (16)).
Namely, we add the following terms to the lagrangian
We bring Ω to the diagonal form via orthogonal rotations of ψ R . Further we choose the representation in this basis. We assume that the elements of matrices Ω, B and G are real -valued.
Effective action for scalar bosons
Let us choose the parametrization in which the massless b -quark is identified with b ′ = ψ 1 . It corresponds to the representation Φ = Φ +Φ = V +Φ, wherê
This expression is similar to that of Eq. (2.11) in [1] . Here the values of v t,χ and u t,χ correspond to the condensate. Effective action for the fieldΦ has the form:
Here for any matrix O we define
V + plays the role of mass matrix, and we denotem =V .
Gap equation
Gap equation appears as
We represent the determinant in Eq. (66) as follows
Here
This gives for the gap equation (i = 2, 3 and a = 2, 3).
First of all, Eq. (44) suppresses the imaginary parts of Φ iα . Therefore, this is reasonable to look for the solutions of the gap equation with real -valuedV . This allows to eliminate matrix B from the consideration of gap equations:
Let us perform orthogonal rotations of ψ L,R that bringm to the diagonal form:
As a result we come to the following form of gap equation with diagonal matrixm:
We assume, that the SU (3) breaking terms are small, that is
This does not mean, however, that the resulting corrections to fermion and boson masses are small if we consider the system near to the criticality and disregard the next to leading 1/N c corrections (see discussion in the Introduction). We also assume m t ≪ m χ and θ ≪ 1. By g t,χ we denote the elements of matrix A T G A that are related to the original parameters g
t,χ as follows:
Direct calculation gives the following relation between the angle θ, the ratio m t /m χ , and the values of g t,χ :
Therefore,
For the angle α we have
This leads to
We are left with the following equations:
where Λ is the ultraviolet cutoff (of the order of the scale of the new hidden interaction), while
Gap equation provides that ω
χ . Therefore, in general case α is not small. For the calculation of the scalar boson spectrum we will need the exact expressions for f t , f χ through θ and the exact expression that relates m 2 t /m 2 χ and θ. In the following we shall use in our expressions the values of g t,χ,tχ but we should remember that they differ from the original parameters g t,χ,tχ . However, the corresponding expressions are so complicated that we do not represent them here.
B. Effective action for scalar bosons
Polarization operator
Let us consider the system in the parametrization, in which the fermion mass matrix is diagonal. In this basis Ω has the form
In the same way we substitute
, and Υ 3 .
Taking into account that δ δΦ S[Φ] = 0 we come to
Let us denote
The CP -even scalar states are given by the real parts of the components of Φ(p) while imaginary parts correspond to the CP -odd states. Then we have S = const + S ′ + S ′′ with
Masses of scalar bosons appear as the zeros of operators
We may represent
where Π is polarization operator. For its non -vanishing components we have (a = i):
Calculation of polarization operator
Let us introduce notations
Using these notations we rewrite
At the same time the gap equation can be written as
Here a = t, χ, while i = b, t, χ.
C. Spectrum of scalar bosons
Masses of charged scalar bosons
Summing the contributions of Eq. (75) and Eqs. (43), (44) in Eq. (70) we get
whereM ′ is the mass matrix for CP -even scalars whileM ′′ is the mass matrix for CP -odd scalars. The parts of these two matrices corresponding to the charged scalars H ± t , H ± χ are identical and do not overlap with the remaining parts. The corresponding mass matrix is given by:
Because of the SU (2) L symmetry of the original lagrangian we have ω 2 tχ = f t f χ . This gives immediately for the channels that include the b -quark
In this channel the charged massless Goldstone boson appears (to be eaten by W -boson) that corresponds to the spontaneous breakdown of SU (2) L . Instead of the Nambu sum rule there is the following sum rule in these channels
Masses of CP -odd neutral scalar bosons
For the CP -odd neutral states we use the basis
In this basis the mass matrix has the form
The determinant of M 2 odd is equal to zero that means that there is the exactly massless Goldstone boson to be eaten by the Z boson. In principle, this is possible to obtain analytical solution for the remaining nonzero masses. We obtain in using MAPLE package. However, the result is so complicated that we do not feel it reasonable to represent it here. Instead we consider the simplification, which allows to demonstrate all properties of the obtained solutions. Namely, we assume, that m t ≪ m χ . We also assume that g t,χ,tχ ∼ m 2 χ . Then neglecting the ratio m t /m χ completely we get:
Thus we see, that the exactly massless Goldstone boson to be eaten by the Z -boson is mostly given the combination of A t and A χ (recall that the determinant of G is zero). The masses of the remaining CP -odd neutral scalar bosons in this approximation are
Masses of CP -even neutral scalar bosons
For the CP -even neutral states we use the basis
The determinant of this matrix differs from zero. This demonstrates that there are no massless CP -even neutral scalars. However, one of the scalars has mass proportional to m t (see below). Again we consider the simplification, which allows to demonstrate all properties of the obtained solutions. As above, we assume, that m t ≪ m χ , and that g t,χ,tχ ∼ m 2 χ . Then neglecting the ratio m t /m χ we find
This matrix has zero eigenvalue. The corresponding eigenvector is composed mostly of h t , h χ . The next orders ofcomplicated calculations using MAPLE package give finally the following expression:
The same expression may be obtained also using the ordinary second order perturbation theory applied to the lowest eigenvalue of matrixM 2 even (calculated up to the terms ∼ m 2 t ):
(The zero order approximation is given by Eq. (83).)
The following remark concerning Eq. (88) is in order. This expression converges to the correct value of the Higgs mass at m t /m χ → 0. However, if we impose the constraint M H = m t / √ 2 for small value of g tχ /g χ , a kind of fine tuning is needed, and the coefficients at the terms ∼ (m t /m χ ) n for n ≥ 4 become large. In practise for m t /m χ ∼ 1/10 the leading term in Eq. (88) never gives the reasonable estimate while for m t /m χ ∼ 1/1000 it always gives a reasonable estimate. The possibility to use Eq. (88) at m t /m χ ∼ 1/100 depends on the choice of parameters. In the particular case considered below Eq. (88) works reasonably well for m t /m χ ∼ 1/100.
All CP -even scalar boson masses squared are positive if M 2 H is positive while
(See Eqs. (81), (84).) The appropriate choice of parameters b t , b χ , b tχ always allows to make squared masses of the CP odd scalar bosons positive (those parameters do not enter Eq.(88)). Therefore, we consider Eq. (89) as the condition for the stability of vacuum.
Electroweak symmetry breaking and the Effective lagrangian for the decays of the CP -even Pseudo -Goldstone boson
The contribution of the considered model to electroweak symmetry breaking is driven by the condensates t L t R and χ L χ R . The latter condensate contributes if θ = 0 so that the mass eigenstate χ L is composed partially of the original t ′ L :
The combinationt ′ L χ R is transformed under the action of the SM gauge group whileχ ′ L χ R is not. Then W and Zbosons acquire their observable masses if
where η ≈ 246 GeV. Also we imply g t ∼ g χ . Let us suppose for definiteness, that the scale of the new interaction is Λ ∼ 5 × 10 9 TeV. Then
As a result according to Eq. (91)
We require
and assume that the conditions of Eq. (85) are fulfilled. Let us consider as an example the following particular choice of parameters (that provides Eq. (94)):
Recall, that these values are the elements of matrix G in the basis, in which the fermion mass matrix is diagonal. The original parameters of the model g
t,χ,tχ are the elements of matrix G in the basis, in which (b t,χ,tχ are related to g t,χ,tχ via Eq. (58) while α is given by Eq. (61). We have
The original parameters according to Eq. (58) are given by
Parameters ω t,χ are related to the values of masses through gap equations Eq. (63) and are of the order of
that is much larger than the other quantities we encountered here. The original parameters are related to ω t,χ as
χ,t and are also of the order of 
The resulting values of scalar boson masses are:
Let us set, for example
Then we have for the remaining scalar boson masses:
The enormous difference of scales between Λ ∼ 5 × 10 9 TeV, m χ ∼ 17.5 TeV and m t ∼ 175 GeV implies a kind of fine tuning. Such a difference may survive in the theory only if the values of coupling constants are close to their critical values at which the chiral symmetry breaking occurs. Moreover, to provide this we are to disregard the higher order 1/N c corrections. The latter implies that the given NJL model should be defined with the counterterms that cancel the dangerous terms of the order of ∼ Λ 2 coming in the next to leading 1/N c corrections. (As it was mentioned in the introduction we imply this kind of the NJL model. For the discussion of this issue see also [15, 44, 46] and references therein.) Notice that the results of [2] are valid under the same assumptions.
One can see that the stability conditions of Eq. (89) AtAχ . Thus, the CP -even pseudo -Goldstone boson -the candidate for the role of the 125 GeV Higgs may appear to be sufficiently lighter than the other composite scalar bosons.
As it will be seen below, the decay probabilities of the given scalar boson do not contradict the present experimental constraints. The H -boson production cross -sections and the decays of the Higgs bosons are typically described by the effective lagrangian of the following form:
Here G µν and A µν are the field strengths of gluon and photon fields. We do not consider here the masses of the fermions other than the top quark and χ. Therefore, we omit in this lagrangian the terms responsible for the coresponding decays. This effective lagrangian should be considered at the tree level only and describes the channels H → gg, γγ, ZZ, W W,. The fermions and W bosons have been integrated out in the terms corresponding to the decays H → γγ, gg, and their effects are included in the effective couplings c g and c γ . In the SM we have c Z = c W = 1, while c g ≃ 1.03 , c γ ≈ −0.81 (see [47] ).
We are able to evaluate the values of the coupling constants entering Eq. (101):
Expression for c γ is more complicated. (However, for |c Z | ∼ 1 it would not deviate essentially from its SM value because in this case the coupling for the process H →tt is close to that of the SM.) Notice, that the top quark is integrated out in Eq. (101), and its coupling to H is absorbed by c g and c γ .
One can see, that for the considered above particular values of coupling constants when the Higgs boson mass is set to its observed value we have
Such values of coupling constants are not excluded completely by the present experimental data. In particular, they are within the 2σ uncertainty contours of Fig. 25 [35, 36] 
. This is more or less obvious, however, that our large number of free parameters allows a choice that leads to the necessary relation between the renormalized values of scalar boson masses and renormalized values of effective coupling constants entering Eq. (101).
Notice, that if we choose in our expressions the low scale, say of the order of several TeV, then the Higggs boson decay probabilities cannot match present experimental constraints because in that case the ratio g tχ /g χ will be larger than unity as follows from Eqs. (91) and (92). Therefore, according to Eq. (102) the value of |c Z | 2 will become extremely small.
In principle, we may find the region of parameters, when the Higgs boson mass remains equal to 125 GeV while the values of coupling constants c W , c Z , c g , c γ are even more close to their SM values. In this case the scale Λ is pushed up to its value given by the ordinary top quark condensation model.
We did not considered in this paper the contributions of the Electroweak gauge fields to the effective lagrangian. Those contributions are suppressed, however, due to the smallness of the electroweak gauge coupling (see [1, 2] ). We also did not considered the contribution of the heavy fermion χ to the Electroweak polarization operators (S and T parameters). The latter contribution is controlled by the ratio m t /m χ and if its value is sufficiently small the contribution of χ to S and T parameters is suppressed [2] .
Modification of the Nambu sum rules
The derived above expressions for the scalar boson masses satisfy the Nambu sum rules in the modified form.
If the SU (3) breaking interactions are absent:
We have the following Nambu sum rules
2. If the SU (3) breaking terms are present:
We have the three groups of scalar bosons that do not overlap: the charged scalars that contain b -quark, the CP odd and the CP -even neutral states. We represent the modification of the Nambu sum rules as follows:
χ is the analogue of the pion decay constant of QCD.
IV. CONCLUSION AND DISCUSSIONS
In the considered scenario, the symmetry breaking takes place at the high energy scale, where there is the hidden symmetry (in 3 He-B it is the separation of spin and orbital rotations, in the proposed model of top quark condensation this is the SU (3) L symmetry). This symmetry is violated at low energy. As a result, some of the Nambu-Goldstone modes transform to the light Higgs bosons. Such scenarios of emergence of light Higgs may have some, though not always exact, parallels in the other models of high energy physics.
Let us consider, for example, the hidden chiral symmetry in QCD. It is provided by an approximation in which the u and d quarks are considered as massless. The spontaneous breaking of the hidden symmetry leads to three pions (one neutral and two charged) as the massless Goldstone bosons. These pions become massive when one takes into account the nonzero masses of u and d quarks. The masses of pions are much smaller, than the mass of the local Higgs boson (the σ-meson). This situation is similar to that of the top -seesaw models of [1, 2] , where the explicit mass term is introduced that breaks the hidden SU (3) L symmetry. It, however, is different from that of 3 He-B, where there is no explicit mass term for the fermions. Instead, the spin -orbit interaction appears as a modification of the original four -fermion interaction. In the present paper we propose the model of top quark condensation, in which the SU (3) L symmetry is broken by the modification of the four -fermion interaction in an analogy with 3 He-B. The top quark condensation model considered in the present paper is similar to the top -seesaw models of [1, 2] . Our model (as well as the models of [1, 2] ) contains the CP -even light Higgs, whose mass appears as a result of the soft breakdown of SU (3) L symmetry. In this respect this model differs from QCD, where the massive pions are CPodd states. The light Higgs of our model is similar to the light Higgs boson of 3 He-B, that has all the signatures of the Higgs boson: it is the amplitude mode of the Higgs triplet vector field n, while the rotational modes of Higgs triplet represent the NG bosons in a full correspondence with the Higgs scenario. The situation in 3 He-B and in the complicated top quark condensation model considered here is also close to that of the Little Higgs models (see review [17] and references therein). In the Little Higgs approach the Higgs particles also appear as the pseudo-NG bosons (though not composed of the top quark). The corresponding field has all the properties of the Higgs field, whose collective modes contain both the amplitude Higgs modes (the Higgs bosons) and the NG modes (in gauge theories the NG modes are absorbed by the gauge fields and become the massive gauge bosons). That is why we may also say that the massive mode #15 in 3 He-B -the gapped spin wave -represents the condensed matter analog of the Little Higgs. The appearance of the analogs of the Little Higgs bosons is also possible in the other condensed matter systems. The abstracts of the recent International Workshop "Higgs Modes in Condensed Matter and Quantum Gases", can be found in Ref. [21] . In 3 He-B, there is the large difference in energy scales between the heavy Higgs bosons and the light Little Higgs. That is why the transformation of the NG mode to the Little Higgs practically does not violate the Nambu sum rule [25] . The Nambu partner of the Little Higgs is the heavy Higgs with energy close to 2∆, which has the same quantum numbers (J = 1, J z = 0), but different parity. The considered light Higgs is essentially lighter than the fermionic quasiparticles, which have the gap ∆. This indicates, that if this scenario works in the SM and the observed 125 GeV Higgs is the Pseudo -Goldstone boson, then there should be the additional fermion, which is much heavier, than the top quark.
Indeed, in the considered model of top quark condensation the additional fermion χ is much more heavy than the top quark. The predictions of the proposed model (obtained in the leading order of the 1/N c expansion) on the decay branching ratios of the Higgs boson do not contradict the present LHC data. The CP even neutral pseudoGoldstone boson may be composed mostly of thet L t R andt L χ R pairs (with the valuable contribution of the first pair). The corresponding coupling constants in the effective lagrangian (that describe its decays) may be very close to the SM values. The parameters of the model may be chosen in such a way, that the Higgs boson mass is given by the observable value 125 GeV. In the present paper we do not analyse in details the phenomenology of the model. In particular, we do not consider the effect of the SM gauge interactions on the model and the mechanism for the generation of the masses of the other SM fermions. (Only the mechanism for the generation of m t has been discussed.) Besides, we disregarded completely the running of coupling constants from the scale Λ to the electroweak scale. This running affects essentially the values of the scalar boson masses because the scale is sufficiently high in the considered example [35, 36] . This is more or less obvious, however, that our large number of free parameters allows a choice that leads to the necessary relation between the renormalized values of scalar boson masses and renormalized values of effective coupling constants entering Eq. (101). Thus we expect, that our consideration may give a sufficient qualitative pattern of the theory, in which the pseudo -Goldstone boson plays the role of the 125 GeV Higgs. Precise quantitative predictions may appear, most likely, only within the renormalized microscopic theory standing behind the given effective NJL model. We prefer not to call our construction the top -seesaw model because unlike [27] the traditional scheme with the off -diagonal condensate t L χ R is not necessary (though allowed).
Unlike [1, 2] in our case the explicit mass term is absent and the soft breaking of the SU (3) symmetry is given solely by the four -fermion terms. This reveals the complete analogy with 3 He, where there is no explicit mass term and the spin -orbit interaction has the form of the modification of the original four -fermion interaction.
The top quark condensation model with the four -fermion interaction considered here should necessarily appear as the effective low energy approximation to the unknown microscopic theory. Certain non -NJL corrections to various physical quantities are to appear from this microscopic theory. If the discussed scenario (in which the 125 GeV Higgs boson appears as the composite Pseudo -Goldstone boson), will be confirmed by experiment, such a theory is to be constructed. It may be very unusual. In particular, the nature of the forces binding fermions in Higgs boson may be related to such complicated objects as the emergent bosonic fields that exist within the fermionic condensed matter systems (graphene and superfluid He-3). In condensed matter systems various emergent gauge and gravitational fields appear [45] . Those emergent gravitational fields should not be confused with the real gravitational fields. Typically, the emergent gravity in condensed matter does not have the main symmetry of the gravitational theory (the invariance under the diffeomorphisms does not arise). That's why in the majority of cases we may speak of the emergent gravity only as of the geometry experienced by the fermionic quasiparticles. The fluctuations of the gravitational fields themselves are not governed by the diffeomorphism -invariant theory. We suppose that the objects like these emergent gauge and gravitational fields may play a certain role in the formation of forces binding fermions within the composite Higgs bosons.
We also do not exclude the possibility, that certain part of the extended real gravitational fields may play a role in the formation of such forces. In particular, there exist the theories of quantum gravity with torsion [46] , in which the fluctuations of torsion have the scale slightly above 1 TeV while the scale of the fluctuations of metric is the Plank mass. The mentioned fluctuations of torsion may also be related to the formation of composite Higgs bosons.
A less unusual scenario of physics behind the four -fermion interactions of the top -seesaw model involves the exchange by massive gauge bosons, which appear in the conventional renormalizable field theory (see, for example, [44] 
